Objective: Cisplatin is a potent chemotherapeutic agent that is used against a variety of tumors. The most common side effect of cisplatin is ototoxicity. This dose-related hearing impairment is high frequency, bilateral, and permanent. Unfortunately, there is no prophylactic protocol, and, in current clinical practice, the treatment of cancer with cisplatin is interrupted when ototoxicity develops or the resulting hearing impairment is tolerated as an acceptable side effect of cancer treatment. The aim of this study is to compare transtympanic injections of N-acetylcysteine and dexamethasone (both of which have shown substantial otoprotective activity) for the prevention of cisplatin-induced ototoxicity.
INTRODUCTION
Cisplatin (cis-diamminedichloroplatinum) is a potent chemotherapy drug, which is an alkylating agent that is used extensively against many solid tumors (including bladder, testicular, ovarian, and mammillary tumors), hematologic malignancies, and cancers of the head and neck. Cisplatin also is a radiosensitizer agent that provides a synergistic effect with radiotherapy. However, a major side effect of cisplatin is its ototoxicity. The drug induces high-frequency, sensory, neural, doserelated, cumulative, progressive, bilateral, non-reversible hearing loss. Therefore, it has a severe negative effect on patients' quality of life and increases life threatening risks as the result of hearing loss 1, 2 .
Currently, by increasing patients' survival rates with many cancers, especially in children, the drug has become very important in maintaining quality of life and protecting patients against the side effects of chemotherapy 1 .
The prevalence of hearing loss caused by cisplatin therapy is over 69%, with the affected range being 15 to 65 db at frequencies of 4000-8000 Hz 2 . Hearing losses occur in 15% of patients who are treated with this drug. Ototoxicity in children is in the range of 50-60%, which can result in academic difficulties, fatigue in the learning environment, and social and emotional problems 2, 3 .
In various experimental studies and clinical trials, different drugs have been investigated systematically and sometimes locally for otoprotection when cisplatin is used. However, a protocol has yet to be developed to protect hearing from the effects of cisplatin. Thus, in current clinical practice, when ototoxicity occurs, then use of the drug is discontinued or chemotherapy is continued using a different drug. However, both approaches can result in the failure of the chemotherapy and the recurrence of the cancer. The only other option is to tolerate the drug's side effect of destroying hearing in order to continue the treatment of the cancer [2] [3] [4] [5] [6] [7] [8] [9] .
The aim of this study was to comparethe positive effects of the intratympanic injection of N-acetylcysteine and dexamethasone for the prevention of the ototoxicity that results from cisplatin injections.
METHODOLOGY
This study was conducted as double blind clinical trial on 60 patients between the ages of 6 and 60 who were suffering from cancer and were referred to the internal ward at Shahid Sadoughi University of Medical Sciences in Yazd, Iran, for chemotherapy during 2016 and 2017. The Ethics Committee at Shahid Sadoughi University of Medical Sciences approved this study.
Patients who were candidates for the first cycle of cisplatin therapy, with normal tympanogram type A, normal microscopic examinations, and intact stapedial reflex entered the study after completing the informed consent form and the tinnitus handicap inventory questionnaire. These forms were completed either by the patient or a caregiver. The exclusion criteria were patients with severe hearing impairment, a history of head trauma, brain tumors,the final stages of cancer, taking other ototoxic drugs, history of infection, surgery, ruptured eardrums, meningoencephalitis, acoustic trauma, and cranial radiation. To begin the study, conventional pure tone audiometry (PTA) was conducted for all patients by an audiologist blinded to the treated ears (audiometer; amplaid 311, Type 1 IEC645 and acoustic room). Injections were done during hydration before injecting cisplatin and the number of injections was proportional to cisplatin-therapy cycle.
An hour before the injection, all pediatric patients received an oral analgesic (midazolam 0.5-1 mg/kg) according to their weight. Injection under a microscope was done after local anesthesia. The local anesthesia that was used was a 10% solution of lidocaine, which was noninvasive. After 15 minutes of being motionless, the local anesthesia was administered for the contralateral ear.
N-acetylcysteine was diluted to 10% using Ringer's lactate and dexamethasone 24 mg/ml was provided by a technician and syringes were labeled as A and B in similar volumes of 1 cc before the provider entered the room. Both medicines are manufactured by Iran Daru-Pakhsh, and this brand was used throughout the study period.
After careful suction of any remaining lidocaine from the external ear canal, the injection was done using 26 gauge syringes until the middle ear was filled (0.4-0.8 ml). Then, the patient remained motionless in that position for 15 minutes, and, then the procedure was repeated for the contralateral ear. A study was followed by PTA six months after therapy to determine the changes in the hearing threshold.
Data analysis was conducted using the GEE model (a gamma distribution with a log link), chi-squared, and Fisher's Exact Test. P values ≤ 0.05 were considered to be significant.
RESULTS AND DISCUSSION
After inclusion and exclusion criteria were applied, 60 patients were available for the study. Three patients left the study, and we continued the investigation with the remaining 57 patients. There were 31 men (54.4%) and 26 women (45.6%). The mean age was 32.4 ± 22.1, and the participants' ages ranged from 6 to 60 (Table 1 ).
There were no significant differences in age, gender, or the type of cancer between two groups in hearing threshold (P>0.05) ( Table 2 ).
The times of injections were proportionate to the cycles of cisplatin therapy for the patients, i.e., one (42.1%), two (40.4%), or three (17.5%) injections. Hearing thresholds increased in the patients who had more cisplatin cycles (P<0.05) ( Figure 1 ).
Hearing thresholds increased significantly after the cisplatin therapy in the dexamethasone group but alkylation of DNA, terminating the replication of the DNA and finally resulting in apoptosis 11 .
Second: It reduces ATPase activity and creates changes in cellular transportation.
Third: It produces reactive oxygen species (ROS), increases ROS, and decreases glutathione and antioxidant enzymes, thereby causing apoptosis cascade in cochlear cells, especially outer hair cells, which have lower glutathione reserves and more susceptibility [12] [13] [14] [15] .
Ototoxicity starts with the involvement of outer hair cells in the basal turn of the cochlea, which decreases hearing in the high frequencies. By progressive damage, the inner hair cells, spiral ganglion, striavascularis, and subtenacular cells also become involved [16] [17] [18] . In this study, first, the involvement at higher frequencies (8000 Hz) was observed, and when the cisplatin therapy cycle was increased, hearing loss reached the mid-frequency range 1 .
There have been a few clinical trials that investigated otoprotective strategies, but, often, no appropriate control group was used.
Many factors affect cisplatin ototoxicity, including age, genetic differences, cumulative dose and concomitant administration of other ototoxic drugs, exposure to noise, general health status, anemia, fever, hypoalbuminemia, magnesium deficiency, and renal failure. Therefore, one of the problems encountered in a clinical trial is the identification of a proper control group that is matched in any aspect 19, 20 . In this study, by testing patients' ears using the two drugs being studied, this issue was alleviated somewhat.
Another issue in clinical trials is the potential adverse effect that the drugs being studied may interfere with the drugs being used for their therapeutic value. For example, in studying the potential beneficial effects of amifostine, D-methionine, and sodium thiosulfate in the case of systemic injections of cisplatin, its anti- not in the N-acetylcysteine group (P<0.001). However, N-acetylcysteine had good otoprotection against cisplatin-induced ototoxicity. These increases occurred to a greater extent at the higher frequencies, such as 4000 and 8000 Hz (P<0.001) ( Table 3 ).
In the evaluation of tinnitus, nine cases were excluded either because they had previous tinnitus or they were not cooperative. No tinnitus was noted in the N-acetylcysteine group, whereas 20 participants in the dexamethasone group had tinnitus with various severities (P<0.001 Fisher's test).
Currently, platinum-based chemotherapy is the most effective chemotherapeutic method for head and neck cancers. Cisplatin is more effective than carboplatin, but its higher ototoxicity decreases patients' quality of life and even limits the use of different therapeutic protocols [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Cisplatin is a non-cell, cycle-specific, alkylating agent that damages cells' genes through various mechanisms. F irst: The main mechanism is its adherence to and tumor effects could be reduced, potentially resulting in inadequate treatment of the cancer or its recurrence [21] [22] [23] [24] [25] .
In this study, higher concentrations of the otoprotective drug were provided in inner ear by injecting intratympanic N-acetylcysteine and dexamethasone as opposed to oral and parenteral administration of the drugs. Also, space was provided to separate the otoprotective and ototoxic agents, thereby reducing or eliminating any adverse intervention of the otoprotective drug with cisplatin that could decrease its tumoricidal function 2 .
There are few comparative studies in this regard, and the only drug that apparently has been studied sufficiently is amifostine, and that study did not produce promising results. Its administration is difficult and requires careful monitoring because of the possibility of life-threatening side effects; also, its otoprotective effect is suspect. N-acetylcysteine (NAC) analogues of cysteine could protect the inner ear by their strong anti-oxidant activity and the synthesis of glutathione. As a bioprotective agent, this drug is used against oxidative stresses and ischemic damages. Currently, it is used as an antioxidant, mucolytic agent in poisoning by acrylonitrile and meta-acrylonitrile, and it is used as an antidote of acetaminophen 2, 26 .
Considering the low molecular weight of NAC (163/2D), it is a good candidate for intratympanic injections and crossing the round window membrane (RWM) 2, 27 . Corticosteroids, such as dexamethasone, are among those drugs that have been used successfully in inner ear diseases, including Meniere, SSNHL, inner ear autoimmune diseases, endolymphatic hydrops, and idiopathic, rapidly-progressive hearing loss. The mechanism of this drug is that it reduces the production of reactive oxygen species. In experimental studies, it has shown a protective effect against the ototoxicity of aminoglycosides with pathogens similar to cisplatin. Systemic injection of dexamethasone would result in various side effects, e.g., hyperglycemia, peptic ulcers, hypertension, and osteoporosis, and would reduce the effect of the chemotherapeutic agents 1, 28 .
In this study, N-acetylcysteine provided a better effect than dexamethasone, which may result from its better crossing the RWM and more glutathione synthesis.
Other current issues include the protocol, time of injection, and suitable concentration of the otoprotective drug. These remain to be determined, and we have yet to specify what the most effective drugs are.
Because of the short half-life of NAC (9-15 minutes) and its rapid clearance, the correct injection time for complete protection was be given serious consideration. Neuwelt et al. (2001) suggested that it be injected 30 minutes before chemotherapy. Jeffry Wu (2004) concluded that the administration of NAC reversed the cytotoxic and apoptotic effects if administered concurrently with cisplatin or up to 2 hour after cisplatin. However, its chemoprotective capability was reduced if its use was delayed more than 2 hour, and by 8 hours after the administration of cisplatin, its chemoprotective capability was minimal 1, 29, 30 . In this study, it was injected along with hydration before chemotherapy and an interval of 30-45 minutes between injections of otoprotectiveototoxic agents was observed.
In an experimental study on guinea pigs, Choe realized that NAC with concentration of over 2% caused middle ear inflammation, which could result in discomfort and an increase in ototoxicity effect of cisplatin. In the Maria G et al. study, a 10% NAC solution was relatively bearable for all patients, but a 20% NAC concentration caused such pain and severe inflammation that the five patients who were evaluated were unable to continue the study. In this study, to dilute 20% NAC to 10%, Ringer's lactate solution was used because of its essentially neutral pH (6.75). Tanka F verified that using normal saline as the diluent increases the ototoxicity of cisplatin because of its being an acidic agent. The cause of higher bearable percentage relative to animal studies (10% vs. 20%) is that people have thicker RWMs than guinea pigs 13 .
In previous studies, different hearing methods have been used to evaluate the results of interventions and hearing changes, including DPOAE, PTA, and others [1] [2] [3] . PTA was used in this study because of its better correlation with the daily demands felt by the patients.
In this study, the patients were examined periodically and no side effects, such as perforation of the tympanic membrane, ear infections, or inflammation were observed.
Pain during injection that was reported as a side effect in other studies was not reported here we used analgesics before the injections, and we used the proper concentration of NAC [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Intra-tympanic injection has a number of limitations and disadvantages.
The major limitation in this study was the timeconsuming process. Although the injection lasted only a few minutes, local anesthesia along with waiting time between injections in the ears and being motionless to allow drug to reach RWM resulted in long process, making it of limited use with children.
Injections of NAC produced more significant results than injections of dexamethasone. However, protection was not complete, which could be related to other factors, including genetics, status performance, and others.
This study had several advantages over other similar studies, including the relief of intratympanic pain with oral and local analgesia. This pain was the only side effect reported in previous studies [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . In this paper, we compared two agents that have shown substantial otoprotective activity in the ears of one patient and that eliminated other confounding factors. We assessed the prevalence of tinnitus as a side effect of cisplatin, and we found that the effect of NAC in preventing cisplatin-induced tinnitus was unique among the other investigations. We included a large number of patients with a wide range of ages in our research. While the most suitable drug is still unclear, the main questions concerning the time of injection and the proper concentration of the drug have been answered approximately in this research. Thus, the results of this study could provide the protocol for preventing the ototoxicity of cisplatin in the future.
CONCLUSION
Transtympanic injections of N-acetylcysteineas a safe and inexpensive antioxidant agent seem to be an effective otoprotective strategy for the prevention of cisplatin-induced ototoxicity. It use could reduce the incidents of treatment-induced hearing handicaps and eliminate the requirement of hearing aids and cochlear implants, especially for children. This could increase the patients' quality of life while still allowing the chemotherapeutic drugs to function as intended and provide excellent survival rates.
